ABSTRACT. Echocardiographic values need to be established for each age and breed to be applied to equine medicine. The present research aims to describe echocardiographic measurements in Spanish fillies and colts of different age, to compare these values with those previously described for other equine breeds and to determine whether there is an influence of gender on echocardiographic measurements. Seventy unsedated and healthy Spanish foals of both sexes (39 females and 31 males) were divided into five age groups: A (22-60 days; n=15), B (61-90 days; n=13), C (91-180 days; n=18), D (181-270 days; n=12) and E (271-394 days; n=12). The following echocardiographic measurements were made: left ventricular internal dimensions, left ventricular free wall thickness and interventricular septum thickness at systole and at diastole. Mitral and tricuspid valve thickness was also determined. Opening velocity of the mitral valve in early diastole (DE slope), pattern of transmitral flow (E/A ratio) and echocardiographic mitral valve E point-septal separation (EPSS) were calculated from specific points in the anterior leaflet of the mitral valve. Aorta diameters were measured at the level of the valve leaflets, at the sino-tubular junction, at the valve level and at the sinus of Valsalva. Performance indices of the left ventricle were obtained. Most of the echocardiographic parameters increased with age, being the increases more marked up to 180 days of age. Fraction shortening, ejection fraction, stroke volume index, fractional septum and fractional wall thickening did not differ between groups. Some differences were found between fillies and colts in the different age groups, which could have been linked to the different body weight.
Echocardiography has become one of the most important tools in the diagnosis, assessment and prognosis of congenital and acquired heart diseases in horses. Although this fact can be applied to all the animal species, it is especially true in large animals, in which most of the non-invasive cardiac diagnostic tools are of limited value because of their size and the specific anatomy and physiology of the heart [22] .
Before extended practical application, quantitative echocardiographic measurements are required in order to establish whether cardiac dimensions are appropriate for an individual. Echocardiographic data can be affected by many physiological factors, such as body size [4, 9, 14, 23, 28] , shape [4] , physical growth [14, 28] , age [4] , training [30] , heart rate, HR [1, 28] and breed [27] .
In knowledge of the authors, there are only two reports regarding echocardiographic data in growing foals. Lombard et al. [14] studied twelve newborn pony foals until 90 days of age and found that left ventricular internal dimensions (LVID) in systole (s) and diastole (d), right ventricular internal dimensions in diastole (RVIDd), aortic diameter (AOD) and left atrial internal dimensions in systole (LADs) increased with age. Stewart et al. [28] studied 16 foals, 6 ponies and 10 Thoroughbreds, from birth to 90 days of age. Increased LVIDd, RVIDd, AOD, LAD, left ventricular free wall thickness (LVFWT) and interventricular septum thickness (IVST) were observed with age.
It has been demonstrated that breed is a factor that can cause echocardiographic measurements in dogs of the same weight to differ [17] and the same might be true for horses. Slater and Herrtage [27] studied 41 horses of mixed age, sex and breed, including small and large ponies and horses. They concluded that it is not possible to predict normal values for equine heart dimensions from data derived from multiple breeds. Most of the articles presenting echocardiographic reference values in healthy horses are based on Thoroughbreds, Standardbreds or crossbred horses [1, 15, 20, 33] . Up to now, no echocardiographic data have been reported for Spanish horses. These horses have a different somatotype than Thoroughbreds and Standardbreds and as a consequence, extrapolation of data reported for other equine breeds does not appear to be accurate. For this reason, the study presented here analyses some echocardiographic measurements in Spanish foals of different age and gender. It is pursued to provide reference values for the equine Spanish breed that can be used in a clinical setting.
MATERIAL AND METHODS

Foals and groups of age:
Seventy unsedated and healthy Spanish foals of both gender (39 fillies and 31 colts), aged between 22 and 394 days were included in this research. Before the experiment, the attending clinicians of the farm provided the clinical record of each foal, a physical examination was made, focused on cardiorespiratory system, electrocardiograms were recorded and venous blood samples were withdrawn in order to perform hematological, bio-chemical and fibrinogen determinations. The research started with 73 foals, but 3 were eliminated from the study because of bacterial meningitis (1 foal), strangles (1 foal) and endocarditis after septicemia with septic polyarthritis (1 foal) during the 2 months previous to the study. All the animals were properly vaccinated and dewormed.
The foals were divided into five age groups: A (22-60 days), B (61-90 days), C (91-180 days), D (181-270 days) and E (271-394 days). The age groups were established after assessing the relationship between age and BW, as shown in Fig. 1 . The distribution by genders is presented in Table 1 . The animals were weighed with a digital scale (Graber Kagra, EquiScale, Graber AG).
Echocardiographic equipment and imaging technique: An Esaote ® , Ixos ultrasound machine with a multifrequency sector transducer (2.5-5.0 MHz) was used. Cardiac cycles of all echocardiographic views were stored digitally on the ultrasound machine. Measurements were performed in the stored images in three non-consecutive cycles and the data presented are the mean of the three cycles. Measurements of the cardiac structures were made following the criteria of the American Society of Echocardiography [24] , using the ultrasound machine's electronic callipers. Recordings were made from the right hemithorax, with the transducer placed slightly above the level of the olecranon in the fourth and fifth intercostal space. The coat in this place was shaved, cleaned and coated with acoustic coupling gel. Intracardiac landmarks were used to place the transducer in order to obtain standardized images [15, 20] . Five right parasternal views were obtained: two in long-axis and three in shortaxis.
Echocardiographic views and measurements: The first view in long-axis was a 2D 4-chamber view, where the thickness of the MV (MVT) and tricuspid valve (TVT) were measured when both valves were closed, as usually measured in dogs [11] . After that, a five-chamber long-axis or LV outflow view was recorded and aortic diameter was measured at the level of the valve leaflets (ABS), at level of the sinus of Valsalva (ASV) and sino-tubular junction (AJT). These measurements were made according to the "inner-edge to inner-edge method" [20] . The first view in short-axis was performed at the level of the chordae tendineae in 2D and M-mode was obtained. Left ventricular internal dimensions (LVID), left ventricular free wall thickness (LVFWT) and interventricular septum thickness (IVST) at systole (s) and diastole (d) were measured. These measurements were made using the "leadingedge to leading-edge method" as recommended by the American Society of Echocardiography [20, 24, 27] . The second view was a 2D-short-axis image at the level of MV, from where the M mode was obtained and the following specific points were identified in the anterior leaflet of the MV: D (initial MV opening), E (maximum early diastolic MV opening), F (closure of the leaflets after early diastolic filling), A (MV aperture as a result of atrial systole) and C (closure of the MV leaflets just before the beginning of the s). The mean velocity of early diastolic opening was determined from a straight line drawn between D and E points (DE slope, DE/S). E/A ratio or patron of transmitral flow assessed the degree of ventricular filling. Echocardiographic mitral valve E point-septal separation distance or EPSS was measured, as it is considered an indirect index of the size of the LV [11, 16] . The third view was a right parasternal short-axis at the level of the aortic valve in 2D mode. In this view, the dimensions of the aortic diameter (AOD) were measured using the technique "inner-edge to inner-edge" [25] . AOD was measured from the left coronary leaflets to the mean point between the right coronary leaflets and the non-coronary leaflets [16] .
All the measurements were made by the same experienced operator (S.R.) in order to reduce the variability between investigators. A simultaneous electrocardiogram was made using the base-apex lead for timing and HR was obtained. End-systolic measurements were made at the time of the maximal IVS thickness. End-diastolic measurements were made in the point of the Q-wave in the recorded electrocardiogram.
Functional indices of left ventricular performance: Fractional shortening (FS%) was calculated according this equation: FS%= [(LVIDd -LVIDs)/ LVIDd]  100 [11] . Left ventricular end-diastolic volume (LVEDV) and end-systolic volume (LVESV) were calculated from LVIDd and LVIDs respectively, using the Teichholz formulae: LVEDV= ]-13.6 [8] . Finally, LVM was expressed as a function of BW (LVM/BW) [11] . The functional indices of heart function were calculated manually.
Statistics: Mean, standard deviation (s.d.) and range of the echocardiographic parameters were calculated for the different groups of age and gender. Normality of the variables was tested (Shapiro-Wilk test) and those variables that were not normally distributed (LVFWTd, IVSTd, EPSS, MVT, TVT, LVEDV, LVESV and FST%) were transformed. Firstly, an analysis of covariance was made, considering the effect of the age and BW. Because of both factors affected most of the variables, differences because of the age group were investigated with an ANOVA and a post-hoc test was made to investigate between which age groups differences existed (Scheffé test). Gender differences were checked with a t-Student test. Significant probability was set at p<0.05. Tables 2 and 3 show the echocardiographic measurements that were significantly different between age groups, in fillies and colts respectively. HR was significantly lower in the groups D and E than the other age groups in the fillies and similarly, groups B and C presented lower mean HRs than group A. In the colts, the group E showed significantly lower HR than the groups A, B, C and D (Tables 2 and 3 ). In main lines, a progressive increase in LVID, LVFWT, IVST, aortic measurements, LV volume and mass with age was found, although the significant differences between groups varied according to the gender and the echocardiographic measurements (Tables 2 and 3 ). On the other hand, E/A index in fillies and DE/S, TVT, FS%, EF%, FST% and FWT% were not significantly different between age groups (Tables 3 and 4) .
RESULTS
Differences in the echocardiographic measurements in Spanish foals of different age:
Differences in the echocardiographic measurements in Spanish foals of both genders: LVFWTd, IVSTd, IVSTs, DE/S, TVT, MVT, AJT, FS%, EF% LVESV, FST% and FWT% did not show any significant differences between genders (Table 4) .
DISCUSSION
Because of its non-invasive nature, echocardiography is an invaluable technique for evaluating heart disorders in young animals. However, the information concerning normal values for echocardiographic measurements in foals of different age and breed is scarce. Up to now, in knowledge of the authors, echocardiographic measurements have not been published for Spanish foals. The present study shows some echocardiographic parameters in Spanish foals aged between 22 and 394 days, analyzing the differences linked to age and gender.
Limitations of the study: The main limitation of this study was the limited number of animals in some age groups, particularly for the colts, because of the management's procedures of the farms, which tends to sell colts at young age and keep fillies for breeding. Moreover, the animals presented different HR values, because of age and physical growth and level of stress during the procedures. Furthermore, animals might experience stress during echocardiographic examinations with important fluctuations in HR, depending on the character of the animal. It is well established that HR significantly influences some echocardiographic measurements [6] . Furthermore, only measurements in the right parasternal view were made. Patteson et al. [20] confirmed in adult Thoroughbred horses that significant differences existed in some echocardiographic parameters when measurements were made in the right and left hemithorax. It is not recommended to use the right parasternal view to measure the left atrial diameter, because it measures left atrial appendage diameter. Indeed, it has been reported that this measurement is not accurate [16] and for this reason, this parameter was not included. In addition, because of the lung interference, AOD measurements seem to be difficult and prone to error, and a left parasternal view is recommended. Despite these drawbacks, in our opinion, the information provided here will be useful for the clinicians and researchers that work with Spanish horses.
Comparison of echocardiographic measurements in Spanish foals to previously reported values for other equine breeds: LVID, LVFWT, IVST and MV measurements were smaller in the Spanish foals than the values presented for Thoroughbreds [20, 31, 32] and Standardbreds [1, 5, 33] older than 20-24 months. In addition to the different age, most of the papers listed above showed data for animals in training. On the other hand, LV parameters provided by Slater and Herrtage [27] for adult ponies with BW between 125 and 305 kg were closer to the values obtained for the Spanish foals of similar BW (groups C, D and E), although the Spanish foals had wider range values for LVFWT both at s and d. An interesting finding was found when comparing LV values of the Spanish foals with the Thoroughbred foals studied by Stewart et al. [28] . When comparisons were made upon BW, the Spanish foals had lower LV chamber, DE/S and EPSS values and similar LVFWT, IVST and aortic measurements. It is tempting to speculate if these (6.295-9.678) data are the result of the genetic selection of Thoroughbred horses for speed racing, whereas the Spanish horses are mainly used for dressage or as saddle horses and genetic selection has followed mainly morphological characteristics. In fact, it has been demonstrated that an eccentric cardiac hypertrophy occurs in response to race training attributable to an increased diastolic stress and thus, higher heart chambers are expected in the trained Thoroughbreds and Standardbreds horses [31] [32] [33] . Another reason to explain the differences between breeds in the echocardiographic measurements is the effect of HR, which was almost 2-fold higher in the Spanish foals than in Thoroughbreds and Standardbreds [1, 5, 32] . Patteson et al. [21] demonstrated that bradycardia is associated with increased LVIDs and decreased LVFWTs and IVSTs.
In relation to aortic measurements, the values found in the Spanish foals were higher than those described for pony foals [28] , probably because the higher BW in the Spanish foals. However, our data in Spanish foals of aortic measurements were similar to those presented by Stewart et al. [28] in growing ponies and Thoroughbred foals and by Slater and Herrtage [27] in small ponies weighed between 125 and 306 kg.
Comparison of the echocardiographic measurements in Spanish foals of different age:
In line with previously published data in growing ponies and Thoroughbred foals [14, 28] and in dogs of different breeds [2, 3, 10] , several echocardiographic measurements increased progressively with age in our study, although the groups of age between which significant differences existed varied according to the echocardiographic parameter. The most marked increases in the dimensions of chambers (AOD, ABS, AJT and LV), LVFWT and IVST were found between groups B and C for the fillies and between groups D and E for the colts. It could be suggested that these differences resulted from the different growth rate between genders. The greatest BW increase was found between age groups B and C, and C and D for the fillies and between age groups C and D, and D and E for the colts.
In knowledge of the authors, this is the first report describing the thickness of the atrioventricular valves measured in 2D-mode in foals. Increased thickness can be associated with degenerative, vegetative lesions and/or endocarditis [16] and therefore, the establishment of normal values for each age will be interesting. The lack of significant changes in TVT and the significant higher values in MVT from groups A to C might be the result of the less intense growth in RVID, as showed by Stewart et al. [28] in foals and/or might be the result of the higher rise in blood volume and pressure as a consequence of physical growth in the left heart. Similarly to that described for pony and Thoroughbred foals [28] , physical growth induced significant increases in EPSS, consistent with increases in heart size. EPSS is considered an useful, practical and easily reproducible clinical index of LV blood inflow and therefore, of the LV function. The higher values for transmitral flow (E/A index) in the older Spanish colts disagree with the results of Muzzi et al. [18] , presented for German Shepherd dogs of different ages. These last authors did not find any significant change in E/A index in dogs aged between 1 and 15 years.
The lack of significant differences between age groups in several LV performance indices, such as FS%, FE%, FWT% and FST% might indicate that the values reported here can be extrapolated to Spanish horses of different ages and BW. However, this idea remains to be proven in a greater sample size of Spanish horses. FS% is regarded as a measurement of LV systolic function and an indicator of ventricular compliance and contractility, and FWT% and FST% are related to the degree of contractility. The lack of significant differences in these parameters in association with different body sizes and breeds has been already documented for dogs [19] and horses [14] . However, other authors found that young animals have a better myocardial contractility, because of the lower peripheral vascular resistance and/or of the higher HR. Therefore, higher values for FS%, FWT% and FST% were found in puppies [3] . In addition, Della Torre et al. [7] demonstrated that FS% is greatly influenced by BW, with large dogs having lower values than small dogs. As expected, SV and CO values were statistically higher in the older groups. Although CO can be used clinically as a measurement of the global heart function, it is a very insensitive indicator of cardiac performance, because many compensatory mechanisms can interact to maintain a normal CO in pathological states [16] .
Comparisons of echocardiographic measurements between Spanish fillies and colts:
The results of the different researches addressing the effect of gender on echocardio- graphic measurements in veterinary medicine are controversial. In dogs, several authors reported that gender did not exercise an important effect on echocardiographic parameters [10, 29] . By contrast, others presented significant differences linked to the sex in some echocardiographic measurements, although the different BW was not considered [13, 18] . On the other hand, other researchers documented significant gender differences even after taking BW differences into account [2] . In horses, Leadon et al. [12] found higher LVFWTs, LVFWTd, IVSTs and LVM in males Thoroughbred yearlings, but BW was also significantly higher in males than in females. Seder et al. [26] observed that age-and weightadjusted means for cardiac dimensions were lower in males Thoroughbreds than in females aged between 12 and 27 months. Buhl et al. [5] in young Standardbred racehorses reported larger LVID in males. In the Spanish foals of our research, in main lines, the fillies had higher LVIDd, but lower LVIDs, LVFWTs, EPSS and LVM. Additionally, the groups A and B of the Spanish fillies had lower AO measurements, E/A ratio, EPSS, LVEDV, SV and CO values. The reasons for these differences could be the higher BW in the fillies of the groups A and B.
In summary, age, BW and gender significantly affect echocardiographic parameters indicative of LV, aortic and MV dimensions in Spanish foals younger than 12 months. On the contrary, DE/S, TVT and several indices relative to LV function (FS%, FE%, FWT% and FST%) did not differ between the different age groups. Finally, some echocardiographic parameters presented differences between genders, which could have been linked to the different BW.
